The optimal mode of delivery for very low birth weight (VLBW) infants remains controversial. Despite lacking evidence of benefits regarding neonatal outcomes, cesarean section delivery is becoming more prevalent, particularly in early gestational ages. In our retrospective, multicentr study data were collected for very low birth weight infants born in two Croatian perinatal regions in a 3 -year period (2014. -2016.). The final cohort consisted of 255 very low birth weight infants. The rate of delivery via cesarean section was 74.1% (189/255) and is one of the highest reported in the literature so far. Infants born vaginally were born at an lower gestational age, had lower 1-and 5-minute Apgar scores, lower birth weights, and prognosis as expressed by higher Clinical risk index for babies (CRIB) scores and were more often born following chorioamnionitis and had higher mortality rate until 7 days of hospitalization. Univariate logistic regression analysis showed that cesarean section reduced the risk of death before 7 days of life (OR 0.34 95% CI 0.182-0.667). This significance was lost after multivariate analysis. In infants surviving after 7 days of hospitalization, rates of short-term neonatal morbidity (severe intracranial hemorrhage, cystic periventricular leukomalacia (cPVL), late-onset sepsis, necrotizing enterocolitis, kidney injury and retinopathy of prematurity requiring interventions) were not significant when comparing infants born vaginally and those born following cesarean section.
Outcomes of very low birth weight infants born by vaginal delivery versus cesarean section

ABSTRACT
The optimal mode of delivery for very low birth weight (VLBW) infants remains controversial. Despite lacking evidence of benefits regarding neonatal outcomes, cesarean section delivery is becoming more prevalent, particularly in early gestational ages. In our retrospective, multicentr study data were collected for very low birth weight infants born in two Croatian perinatal regions in a 3 -year period (2014. -2016.) . The final cohort consisted of 255 very low birth weight infants. The rate of delivery via cesarean section was 74.1% (189/255) and is one of the highest reported in the literature so far. Infants born vaginally were born at an lower gestational age, had lower 1-and 5-minute Apgar scores, lower birth weights, and prognosis as expressed by higher Clinical risk index for babies (CRIB) scores and were more often born following chorioamnionitis and had higher mortality rate until 7 days of hospitalization. Univariate logistic regression analysis showed that cesarean section reduced the risk of death before 7 days of life (OR 0.34 95% CI 0.182-0.667). This significance was lost after multivariate analysis. In infants surviving after 7 days of hospitalization, rates of short-term neonatal morbidity (severe intracranial hemorrhage, cystic periventricular leukomalacia (cPVL), late-onset sepsis, necrotizing enterocolitis, kidney injury and retinopathy of prematurity requiring interventions) were not significant when comparing infants born vaginally and those born following cesarean section.
INTRODUCTION
Preterm birth remains the major cause of mortality and long-term morbidity in infancy despite advances in perinatal care.
(1) Cesarean section delivery has been proposed as an obstetric strategy to improve neonatal outcome in situations in which preterm delivery is regarded as necessary or inevitable. (2) Several studies aimed to determine whether cesarean section delivery is beneficiary to outcomes of premature infants, but there were no statistically significant differences were found. (3) Despite lacking evidence of benefits regarding neonatal outcomes, cesarean section delivery is becoming more prevalent, particularly in early gestational ages. (4, 5) In the discussion regarding obstetric interventions to reduce neonatal morbidity, maternal outcomes must be considered. A study by Stohl et al. (6) found no benefit in very low birth weight (VLBW) singleton infants but rather found higher maternal morbidity with cesarean delivery. Hysterotomy at an early gestational age is associated with an increased risk for short-term maternal complications such as bladder injury or extension to the uterine artery and often requires a vertical uterine incision with its associated increased risk of uterine rupture in subsequent pregnancies. (2) Controversies regarding the best mode of delivery of preterm infants are bound to persist until large randomized studies are published. It is doubtful that such studies could be done due to ethical issues. (7) Our study analyzes very low birth weight infants and compares various outcomes between those who were delivered vaginally or abdominally.
MATERIALS AND METHODS
All liveborn infants in two Croatian perinatal regions were eligible for inclusion in the study if they met the following four criteria: they were born between January 1, 2014 and December 31, 2016. and their gestational age at birth was ≥22 0/7 weeks, their birth weight was < 1500 g and they were born in delivery wards in the regions (2 level III neonatal units, 2 level II neonatal units and 5 level I neonatal wards). 255 infants met the eligibility criteria. Enrolled infants were actively followed from birth to hospital discharge. Gestational age (GA) was determined in the following order: (1) an obstetric ex-amination with ultrasonography during the first trimester, (2) obstetric history taking into account the last menstrual period, and (3) a postnatal physical examination of the neonate. Antenatal steroid use was defined as administration of dexamethasone to accelerate fetal maturity with at least 1 dose. Chorioamnionitis was defined based on histological findings and where histology was not done, the diagnosis was based on previously described criteria. (8) Maternal hypertension was defined based on previous studies. (9) Delivery room resuscitation was defined as any endotracheal intubation and/or chest compression and/ or fluid boluses and/or any epinephrine administration in the delivery room. Clinical Risk for Index Babies (CRIB score) was calculated based on authorʹs instructions. This study was approved by the Ethics Committees of all participating institutions. All procedures were performed in accordance with the Declaration of Helsinki. Data were described using descriptive statistical methods. The two-tailed Fisher's exact test was used to test for associations between the categorical variables. The Mann -Whitney test was used to compare differences between two independent groups. Logistic regression was used to describe data and to explain the relationship between the dependent binary variable and one or more predicted independent variables. P < 0.05 was defined as indicative of statistical significance. The statistical analysis was performed using MedCalc Statistical Software version 18.2.1 (MedCalc Software bvba, Ostend, Belgium; http://www.medcalc.org; 2018).
RESULTS
The final cohort consisted of 255 very low birth weight infants. 25.7% (66/255) were born vaginally and 74.1% (189/255) were born via cesarean section. Compared with infants born via cesarean section (table 1) , infants born vaginally were born at an lower gestational age (median 27 (24 -29) vs. 28 (26 -30), p < 0.001), a worse postnatal condition, as expressed by the 1 -minute Apgar score (median 4 (2 -7) vs 6 (4 -9), p <0,001), 5 -minute Apgar score (median 6 (4 -7) vs 7 (5 -10), p <0,001), had lower birth weight (median 885 (700 -1200) g vs. 1040 (808 -1292) g, p = 0,03), a worse prognosis as expressed by higher CRIB scores (median 5 (1-9) vs 1 (1-7), p = 0.002) and were more often born following chorioamnionitis (59.7% vs 43.4%, p = 0.02). Compared with infants born vaginally, mothers of infants born via cesarean section were more often administered prenatal corticosteroids (63.5% vs 26.9%, p < 0.001) and were more often born to mothers with hypertension (26.5% vs 1.5%, p < 0.001). Death before 7 days of hospitalization was higher in infants born vaginally (33.3% vs 14.8%, p = 0.002).The results of the univariate logistic regression (table 2) showed that risk factors for death before 7 days of hospitalization were gestational age (OR 0.57 95% CI 0.482-0.674), birth weight (OR 0.99 95% CI 0.992-0.996), lower 1 -minute (OR 0.60 95% CI 0.509-0.699), and 5 -minute Apgar score (OR 0.52 95% CI 0.434 -0.624), lower initial pH (OR 0.99 95% CI 0.988-0.995) and higher CRIB scores (OR 1.521 95% CI 1.355-1.688). In the univariate logistic regression, the only parameter that reduced the risk of death before 7 days of life was the cesarean section (OR 0.34 95% CI 0.182-0.667). In the multivariate regression analysis (table 3) as a model, we analyzed predictors that were significant in the univariate regression analysis (gestational age, birth weight, 1 -minute and 5 -minute Apgar score, initial pH, CRIB scores and mode of delivery). Following the multivariant regression analysis, three independent predictors gave a unique statistical contribution to the model. It is, as a whole, statistically significant, χ2=161,27, P<0,001, which shows it can differentiate subjects according to outcomes. It explains between 47,40% (Cox & Snell) and 67,08% (Negelkerke) variance of negative outcome and accurately classifies 85,66 % of subjects. Mode of delivery became insignificant and the most significant risk factor for death until the 7th day of life was a higher initial neonatal risk as expressed by CRIB score (OR 1.62 95% CI 1.322 -1.982). Regarding outcomes in VLBW infants surviving > 7 days of hospitalization (table 4) , infants born vaginally required delivery room resuscitation more often (34,1% vs 17,4%, p = 0,02), had hemodynamically significant Patent ductus arteriosus (PDA) (46,9% vs 27,8%, p = 0.04) and were more often mechanically ventilated during hospitalization (79,5% vs 57,8%, p = 0,008). Rates of bronchopulmonary dysplasia, necrotizing enterocolitis, retinopathy of prematurity requiring treatment, kidney failure, severe intracranial hemorrhage and periventricular leukomalacia did not vary between infants born vaginally and via cesarean section.
DISCUSSION
The optimal mode of delivery in preterm and very low birth weight neonates remains unclear due to lack of large prospective population-based cohort studies. The positive benefits of cesarean section compared to vaginal delivery in this group of infants are less stress of labor and avoidance of potential trauma of passage through the birth canal. (2) The proposed benefits in regard to outcomes are reserved for the most immature infants delivered at 22 to 25 weeks of gestation. (16) No clear evidence for benefit of cesarean section in children of higher gestation is found. (16-21) Notwithstanding, the rates of delivery in very low birth weight infants via cesarean section are increasing dramatically. (21) In our cohort cesarean section is the mode of delivery for 74.1% of VLBW infants and, is among the highest reported. (22) VLBW infants born vaginally were born at a lower gestational age. This is consistent with previous studies which found that the rate of cesarean deliveries increased with gestational age. (23) This may reflect obstetricians' decisions to avoid hysterotomy in light of few proposed benefits to the infant and intent to reduce the risk of short-term maternal complications. (2) The rate of maternal hypertension in the group of infants born via cesarean section was 26.5%. This could be influenced by finding that maternal hypertension dictates immediate delivery. (23) Rates of death until 7 days of hospitalization were higher in infants born vaginally, and several factors in the univariate analysis were determined to impact such results (gestational age, birth weight, lower 1 -minute and 5 -minute Apgar, lower initial pH, and higher CRIB scores). In the univariate logistic regression, the only parameter that reduced the risk of death before 7 days of life was the cesarean section (OR 0.34 95% CI 0.182-0.667) but multivariate regression analysis of parameters influencing outcomes revealed no impact of mode of delivery on death until 7 days. This finding is consistent with previous studies which found no association between mode of delivery and VLBW infant mortality rates. (24) In our cohort of infants surviving > 7 days, cesarean section delivery was associated with less need for mechanical ventilation (57,8% 79.5%, p = 0,008) and need for delivery room resuscitation (17,4% vs 34.1%, p = 0.02). This, however, did not influence rates of moderate and severe BPD in infants born vaginally versus those delivered via cesarean section. This finding is consistent with previous studies. (23) A similar result was found when observing other outcomes in infants surviving > 7 days. Rates of severe intracranial hemorrhage, cPVL, late-onset sepsis, necrotizing enterocolitis, kidney injury and retinopathy of prematurity requiring interventions were not significantly increased among infants born vaginally and those delivered via cesarean section.
The optimal mode of delivery for VLBW infants remains a controversial one, with several observational studies producing conflicting results. (18, (23) (24) (25) (26) The main finding in our study is that delivery mode did not affect neonatal mortality within the first seven days of life and did not influence preterm morbidity in infants surviving > 7 days of life. This finding is supported by other population studies in Australia (27) and the USA. (26) These finding must be taken into account when considering a cesarean section as the optimal mode of delivery in VLBW infants, especially in regards to known increased maternal morbidity following cesarean section. Based on current evidence, cesarean section cannot be recommended as the routine mode of delivery, except in the presence of clear fetal or maternal indications (i.e. preeclampsia).
There are several limitations to our study.
In infants born via cesarean section, we did not take into account whether the procedure was elective one, or if it was urgent following having attempted vaginal delivery. In infants born vaginally, we did not differentiate between those born following vertex or breech presentation. Since randomized trials are unfeasible, prospective studies are the only way for better identifying very low birth weight infants who could benefit from either mode of delivery.
CONCLUSION
Current evidence does not support preferring cesarean section as an optimal mode of delivery in very low birth weight infants. Despite this, rates of cesarean section in this population of infants are rising, as reflected in our study. Our data are consistent with similar studies which show that mode of delivery does not influence mortality or morbidity in very low birth weight infants. 
